Fast Light, Fast Neutrinos? 
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In certain media, liglit iias been observed with group velocities faster tiian the speed of light. The 
recent OPERA report of superluminal 17 GeV neutrinos may describe a similar phenomenon. 


Over the past decade, Boyd and others have observed 
light moving through certain media with group veloci- 
ties faster than the speed of light in vacuum [TH3] . The 
OPERA collaboration [Ij may have detected the neutrino 
analog of this "fast light" phenomenon. 

The group velocity of an amplitude 
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is determined by the condition that the phase remain con- 
stant as a function of wave-number, Vg — duj/dk. When 
neutrinos traverse a medium with a complex index of re- 
fraction n, scattering makes the wave number k complex 
with a positive imaginary part. The real frequency w is 
related to the complex wave number k hy k = ulu/c. If 
rir is the real part of the index of refraction, then the 
group velocity is 
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The index of refraction n is related to the forward scat- 
tering amplitude / and the density N of scatterers by [h. 
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in which for simplicity I replaced k^ by ijp' which in- 
troduces an error of less than 10^^^ for 17 GeV neutrinos 
with a mass of less than 2 eV/c^ 4 . 

Group velocities faster than c can occur when the fre- 
quency Lo is near a resonance in the total cross-section. 
For instance, if the amplitude for forward scattering is of 
the Breit-Wigner form 
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then the real part of the index of refraction is 
and by ([2| the group velocity is 
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which is superluminal if (w — wq)^ < r^/4. 

More generally, we may use the optical theorem and 
the regularized Kramers-Kronig formula 
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in which ct is the total cross-section to write the group 
velocity in terms of the principal part of an integral 
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which shows the effect of scattering on group velocities. 
Just as the scattering of photons by atoms can cause 
fast [H 13], slow [6j, and even backward T\, light, so 
too the scattering of neutrinos by electrons and quarks 
may make neutrino group velocities that are faster or 
slower than the speed of light. The j/^-nucleon charged- 
current total cross-section rises linearly up to 300 GeV [8] 
and makes a positive contribution to the integral (|8|. 
Yet the OPERA Collaboration 4 may have discovered 
"fast neutrinos" — neutrinos with group velocities faster 
than the speed of light [5]. Their high group velocity 
{v — c)/c = 2.48 X 10~^ may arise from a resonance in 
neutrino-electron and/or neutrino-quark scattering at an 
energy wq somewhere near 17 GeV. 

A group velocity faster than c doesn't violate special 
relativity, but a superluminal signal velocity would (21 [3] . 
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